INTRODUCTION {#sec1-1}
============

"Science is the highest personification of the nation because only that nation will remain the first, which carries furthest the works of thought and intelligence." - Louis Pasteur

Census of India in 2011 shows 1210 million Indians living in 650 districts and 5924 subdistricts with 69% living in 640,930 villages.\[[@ref1]\] The average literacy rate of Indians is 73%. Less than half (about 500 million) are employed, and mostly (55%) in agriculture. The literacy rate and employment rate among Indian women are 65% and 25.5%, respectively.\[[@ref1]\] Most Indians are dependent on AYUSH services and a long way from universal access to essential health care and medicines, particularly the disadvantaged segments of our population.

Epidemiological transition, poverty, overcrowding, and malnutrition result in crores of Indians falling sick with communicable and noncommunicable diseases and premature deaths across all age groups \[[Table 1](#T1){ref-type="table"}\].\[[@ref2]\] From a scientific and fiscal viewpoint, the management of diseases common in India needs local clinical trials. The development of short-course treatment of tuberculosis is a good example.\[[@ref3]\] Because of various trials carried out in India and East Africa, the 24-month treatment was replaced by an 8-month regimen which was later reduced to 6 months. This short-course regimen was endorsed by the World Health Organization and accepted by health workers in these countries.\[[@ref3]\] India has always given importance to science to solve her problems. Governmental agencies such as the Indian Council of Medical Research, the Department of Science and Technology, the Department of Biotechnology, and the Council of Scientific and Industrial Research actively funds and conducts clinical research. Clinical research is mandatory for postgraduate medical qualification and is needed to drive our "Make in India" program.
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Majority of the sick Indians are poor, illiterate, or ignorant. They have little access to good socialized health care near their homes and pay out of pocket for their care. They constitute a large segment of trial participants and are highly vulnerable to inducement and/or exploitation in clinical trials. The clinical investigators of India have a challenging task and great ethical responsibility while conducting clinical trials. Getting a properly informed consent is a big challenge due to barriers created by illiteracy and vernacular languages. In this narrative review, we will discuss the course of clinical trials in India through the eyes of the investigators. For simplicity, we have created three periods of clinical research in India; the past comprises the period before 2013, the present is the period from 2013 to 2016, and the future is the period from 2017 onward.

THE PAST (BEFORE 2013) {#sec1-2}
======================

When clinical trials began in India is not clear. A search of PubMed database reveals that earliest research publications were epidemiological reports. A report on cholera in 1821 was probably the first.\[[@ref4]\] There were several publications on tuberculosis, leprosy, malaria, plague, snakebite, typhoid, etc., throughout the 18^th^ century and thereafter.\[[@ref5]\] The earliest clinical trial done in India seems to be a study reporting the use of plasma infusion to correct dehydration caused by cholera in 1945.\[[@ref6]\] The earliest controlled trial was in 1946 testing a new treatment for malaria.\[[@ref7]\] From 1947 to 1990s, many controlled and uncontrolled trials have been undertaken.\[[@ref8][@ref9]\] From the early 1960s, trials on hypertension, cardiovascular disease, and mental diseases, etc., began to appear, reflecting the changing disease pattern due to epidemiological transition in India.\[[@ref9][@ref10]\] The early clinical trials were mostly agency-sponsored trials or investigator-initiated trials having little mention of patient protection. Although the Helsinki declaration was accepted in June 1964,\[[@ref11]\] many trials done thereafter do not reflect the spirit of the new ethical requirements. For example in 1968, investigators from All India Institute of Medical Sciences (AIIMS) had subjected prisoners from a Delhi jail to repeated phlebotomy for quantifying iron stores in Indian volunteers.\[[@ref12]\] In the early 1980s, one of us (MKM) had coordinated a controlled trial (while doing his MD medicine) which compared oral amoxicillin versus oral co-trimoxazole in lower respiratory infections.\[[@ref13]\] This trial, undertaken on behalf of the pharmaceutical industry, did not have a proper informed consenting process or an ethics committee supervising it. Furthermore, there was no blinding, and no site monitoring was performed. The investigational product made up of hundreds of red capsules in two large bottles labeled A and B were kept in the open ward. Alternate patients who were admitted with lower respiratory infection were given either one capsule 8 hourly from bottle A or one capsule every 12 h from bottle B. It was obvious from the dosing schedule which drug was amoxicillin and which was co-trimoxazole. When this trial ended lots of capsule remained in both the bottles and were happily used up on other patients. Later, the same author reviewed numerous poorly designed and underpowered studies being carried out in teaching hospitals across India for duodenal ulcer and/or *Helicobacter pylori* gastritis and raised a red flag for protecting the research participants.\[[@ref14]\] As a matter of fact, there was little emphasis that Indian research projects should comply with the core principles of Helsinki declaration: That a physician shall act in the patient\'s best interest when providing medical care and must shoulder the responsibility to protect the life, health, dignity, integrity, right to self-determination, privacy, and confidentiality of personal information of research participants.\[[@ref11]\] The responsibility is never passed on to the research participants, even though they have given consent.\[[@ref11]\]

The formation of the World Trade Organization and the recognition of Trade-related Intellectual Property Rights (TRIPSs) resulted in a great stimulus for the pharmaceutical industry.\[[@ref15]\] India became TRIPS compliant by January 2005. The Drugs and Cosmetics Rules were modified to allow early phase clinical trials to be conducted in India to facilitate our discovery research.\[[@ref16]\] Soon, global consulting companies started to project India as the preferred destination for global clinical trials. With the arrival of global clinical trials in India, the ICMR revised its first guidelines on "Ethical considerations involved in research on Human Subjects" in 2000 and 2006.\[[@ref17]\] True to the predictions, there was many fold increase in new trials from 2006 to 2012.\[[@ref16][@ref18]\] Everyone was jumping into the clinical trial bandwagon that was growing exponentially. Many training institutes sprung up offering classroom-based and distance-based diplomas and certificates in clinical trials.

We the Indian investigators were on cloud nine by participating in these global trials. Academically, we were getting hands-on training in the exciting field of drug discovery while getting to work with key opinion leaders (KOLs). We were using new medicinal chemicals much before our peers got them in clinics and thus making us the local KOLs. We were happy that our poor patients who could not afford even the basic standard of care were getting the best care on these global trials. Another attraction was that the investigator meetings and Good Clinical Practice (GCP) training sessions often held at international locations, and the research payments to the investigators or the investigators\' institution were substantial by Indian standards. Conflict of interest of a different kind was brewing, and some investigators started to look away from the age-old aphorism "primum non nocere."

The global trials in India began to enforce The International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use-GCP (ICH-GCP) when it became operational. The need for Ethics Committees (ECs) started to grow rapidly and the quality of EC started to suffer. A survey of EC members across India in 2010 revealed many gaps in the knowledge and attitudes with 30% having never received any GCP training.\[[@ref19]\] Lapses were also found in another survey evaluating the EC approval letters for compliance with the ICMR Guidelines and Schedule Y.\[[@ref20]\] They concluded that there is a need to train EC members, create a better awareness of regulatory requirements, and evolve a mechanism to monitor EC functioning.\[[@ref20]\] Variations in the GCP standards (the pharmaceutical-sponsored trials had stringent ICH-GCP, nongovernmental organization (NGO) funded global trials were less stringent, and the investigator-initiated institution-sponsored trials were least stringent) might have influenced the investigator\'s attitude toward protecting trial participants. Some have justified this by stating that pharmaceutical trials are done for profits while investigator-initiated trials are done for humanity. Two surveys by us shed some more light. One survey done on 200 unselected research participants receiving study-related treatments at a research center showed significantly higher knowledge scores in the participants of pharmaceutical trials compared to investigator-initiated trials.\[[@ref21]\] The other survey evaluated the understanding of the informed consent by patients in various postgraduate student thesis projects in a medical college, wherein 90% of the study participant reported that they were not informed adequately.\[[@ref22]\]

Slowly and steadily allegations of exploitation of the trial participant appeared.\[[@ref23]\] Publications in the medical journals were followed by reports in the print media and television. The push came to shove when public interest litigations were filed in the Supreme Court of India. Soon, the ethical standards of several pharmaceutical-sponsored trials and some NGO-sponsored trials being carried out by reputed postgraduate institutes of India (including ICMR) were being questioned.\[[@ref24]\] When the court proceedings began, it was obvious that the patient\'s protection was less than appropriate in many trials. The directive of the Supreme Court was simple; stop all clinical trials, reframe the rules, and establish foolproof mechanisms to protect trial participants. Only then the clinical trials could restart in India. All the clinical investigators riding high on global clinical trials were grounded. Investigators were suddenly looked upon as partners in the crime committed by a few of their kind.

THE PRESENT (2013--2016) {#sec1-3}
========================

The Supreme Court\'s directive was done in the best interests of common people of India. A committee headed by Prof. Ranjit Roy Chaudhury reviewed the pertinent issues and suggested corrective measures.\[[@ref25]\] These events had immediate fallout on all aspects of clinical trials in India. All commercially sponsored trials were stopped. No new trials were approved. The sponsors, regulators, the ECs, and the investigators were all at the receiving end. The regulators soon passed several amendments in Schedule Y, many of which were considered very stringent by the clinical research stakeholders.

The immediate reaction of many investigators was to expose the fault lines of the new regulatory amendments.\[[@ref26]\] The views of investigators on compensation of trial injuries, limiting the number of trials an investigator can undertake, mandatory audio--video recording of the informed process, reporting deadlines for serious adverse events, etc., have been published extensively in the national and international journals in the last 3 years.\[[@ref26][@ref27][@ref28]\] The new regulations had far-reaching effects. The number of new trials plummeted as the global sponsors started to pull out. The US government halted the federally funded trials in India. The conduct of clinical trials became painfully slow and expensive. Indian clinical trial industry began to lose contracts and jobs. The bullish clinical trial industry in India entered a bearish phase of economic depression.

Eventually, many investigators began to lose interest in the pharmaceutical industry-sponsored clinical trials and started to view them unworthy of the increased effort and time. Sponsors now faced an uphill task of recruiting and retaining experienced investigators. The speed of accrual of trial participants in India slowed down. After almost 2 years, the Indian regulators were convinced by the logic and plea of the Indian investigators and revised some of the stringent clauses in Schedule Y. The regulators also became more proactive in training and teaching and clearing ambiguity regarding the conduct of clinical drug and device trials in India. They have taken steps to protect the trial participants adequately. They have also separated the investigator-initiated trials outside the gambit of Schedule Y. The investigators are now seeing light at the end of the tunnel, and many have started to come back. The ECs also learned their lessons and have become proactive. Once again, there is a growing interest for clinical trials in India.

THE FUTURE {#sec1-4}
==========

The sickness burden and the loss of national productivity in India are gigantic. Millions of Indians are impoverished annually due to the high cost of medical care. The new world diseases are increasing whereas the old-world disease continues to coexist in India. India\'s success in providing food (Green Revolution) and milk (White Revolution) was possible only through scientific research and field trials. India\'s hope in improving its people health lies in clinical research and clinical trials. The next important questions are "Are we well prepared this time? Can we conduct global GCP compliant trials without ethical lapses? Can we push ahead and restore India\'s position among countries doing clinical trials without forgetting the lessons of the recent past?"

There is a common saying that the future lies in the past, for we need to know how we got here so that we can determine how to move forward. The main reasons we ran into the problems were the shortage of trained workforce at all levels; investigators, support staff, Institutional Review Boards (IRBs), inspectors, and monitors at Drug Controller General of India (DCGI), and so on. One of the reasons for the shortage of well-trained investigators is the state of our grass-root training grounds. Many medical colleges which are the nurseries for future investigators do not have an IRB even now as we write this review. There is no reason why any medical college should lack a properly constituted and DCGI recognized IRB since all the PG students are required to do research and publish a dissertation or thesis. All investigators (including PG students) must be trained in GCP before they begin any prospective or retrospective clinical study. The GCP training for investigators is akin to cardiopulmonary resuscitation training for clinicians. Training, certification, and recertification of Ethics Committee members and all investigators are needed to protect trial participants. An ethics committee well versed with the patient rights\' and fully aware of the current regulations will be in the best position to evaluate, approve or disapprove, and monitor the approved trials at regular intervals. Adequate steps have been taken by DCGI for achieving this goal. We also need a serious rethink on having two sets of rules for industry-sponsored trials and investigator-initiated trials so that participants on those trials do not suffer in the future.

Next, important hurdle for an investigator is rationalization of compensation for trial-related injuries. The dividing line between justice and inducement is very thin in India due to its circumstances. Almost all patients with incurable or terminal disease (such as metastatic cancer) on clinical trials will experience disease progression, have disease-related complications, and eventually die. To compensate or not is a difficult thing for the investigator. Ultimately, the investigators and IRB need to work together on compensation issues. Many leading institutions have already taken up insurance cover to overcome this hurdle in investigator studies.

Next, we need to realize that there are many reasons that hold back Indians from participating in clinical trials. This has been reported even among educated South Asians living in the United Kingdom in the national preventive programs and clinical trials. Many studies have been carried out to find the reasons and corrective measures are being made to make them more inclusive.\[[@ref29]\] Indians in India are even more diverse than South Asians in the United Kingdom. Community research and population sensitization are needed so that clinical trials are ultimately looked upon as a necessary means to control diseases and bring prosperity in India. Finally, all the stakeholders need to be vigilant against repeating the past. The dust has hardly settled down, and there is a report of European Medicines Agency (EMA) suspending several nationally approved medicines for which bioequivalence studies were conducted at a research center in Bengaluru. The EMA recommended that medicines being evaluated for authorization and which rely only on bioequivalence studies from this site should not be authorized until bioequivalence is demonstrated using alternative data.\[[@ref30]\] We are being watched, and we must maintain global standards in global clinical trials.

CONCLUSIONS {#sec1-5}
===========

There has been a rise and fall of clinical trials in India in the past two decades. The fall happened when the investigator and IRB failed to protect the trial participants resulting in revision of the Indian trial regulations. The new regulations were stringent and increased the time, effort, and cost causing investigators to shy away from clinical trials. Indian regulators have relaxed some of the stringent clauses recently. We must avoid the mistakes of the past and strive hard to protect the trial participants in the future. That will create a win--win situation for all the stakeholders of clinical trials that are needed to improve the health of crores of Indians.
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